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ABSTRACT 

An automated trace analytical system for guanethidine sulfate 
in sera was developed using a liquid chromatograph with 
column-switching and postcolumn reaction detection systems. 
Guanethidine sulfate was post-labeled with ninhydrin in alkaline 
solution, and the reaction products were monitored with a 
fluorescence detector. Guanethidine sulfate, an antihypertensive 
agent, in rat and human sera was analyzed using this automated 
analyzer. The detection limit of guanethidme sulfate was 1.0 
ng/mL, and the calibration curve was linear from 3.1 ng/mL to 
1000 ng/mL with relative standard deviation of less than 3%. 
The recovery from sera was 99.7 f 3.9% 

INTRODUCTION 

Guanethidine sulfate, 1 -[2-( 1-perhydroazocinyl) ethyl] guanidine mono- 
sulfate, is an antihypertensive agent usually administered orally to patients with 
essential hypertension. Also, this drug is a selective inhibitor of the 
sympathetic nervous system at the postganglionic terminal of the adrenergic 
neuron. Hannington-Kd first reported the use of guanethidine for the 
treatment of reflex sympathetic dystrophy. Since then, there have been 
numerous reports regarding the effectiveness of intravenous regional block of 
g~anethidine.'-~ Sharpe et al.' reported a case of severe and persistent 
hypotension which occurred after a repeated guanethidine block, and concluded 
that a careful monitoring of the cardiovascular system is important to prevent a 
prolonged hypotension. Therefore, a rapid, and sensitive analytical method for 
guanethidine sulfate is required for monitoring its concentration in patients' 
sera and for determination of bioavailability of different preparations. 

Several methods have been reported for the determination of guanidine 
such as oxidimetry,6 c~mplexometry,~ calorimetry,8-'0 fluorometry,"-I2 and 
liquid chr~matography.'~-'~ Gas chromatography, after selective extraction, 
was used for determination in biological fluids.17 Guanethidine sulfate, in 
tablets and biological fluids, was analyzed by a spectrofluorometric method 
using the condensation reaction of the guanidino group with 
9,10-phenanthraquinone.l8 and with benzoin." The official method" for 
assaying of guanethidine sulfate is based on colorimetry of the guanidino group 
with sodium nitroferricyanide and potassium ferricyanide. However, the 
disadvantage of this method is the timeconsuming, selective extraction 
procedures and the low sensitivity. 
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Hiraga and Kinoshita2l developed a post-column high performance liquid 
chromatography method with fluorometric detection, based on the detection of 
intense fluorescence produced using a reaction of guanidino base and ninhydrin 
under alkaline condltions. We modified this method and connected an on-line 
pre-treatment column for the selective extraction of guanethidine sulfate from 
sera. 

Here, we describe the details and performance of our newly developed 
analytical system for guanethidine sulfate analysis, based on a liquid 
chromatograph with automated column-switching and postcolumn reaction 
fluorometric detection. This system was applied for analysis of guanethidine 
sulfate in rat and human sera. 

EXPERIMENTAL 

Materials and Methods 

Guanethidine monosulfate was pwchased from Sigma Chemical Co. Ltd. 
(St. Louis, MO, U.S.A.). Ion pair reagents were purchased from Nacalai 
Tesque, Inc. (Kyoto, Japan). All other chemicals were purchased from Wako 
Chemical Co. Ltd. (Tokyo, Japan). Blood samples, collected from rat and 
human, were centrifuged at 1,000 g for 15 min at room temperature and the 
supernatant was directly injected into thls analytical system. 

Chromatography 

Figure 1 shows the flow diagram of the automated analytical system based 
on a liquid chromatograph with a column-switching and a postcolumn 
reaction detector. Eluent 1 consisted of 50 mM sodium dihydrogenphosphate 
(pH 3.0 adjusted with 50 mM phosphoric acid). Eluent 2 consisted of 
acetonitrile and 50 mM sodium dihydrogenphosphate (pH 3.0 adjusted with 50 
mM phosphoric acid) (30:70, v/v) containing sodium l-octanesulfonate (7 a). 
Eluent 3 was aqueous acetonitrile (500 nVL). 

Eluent 1 was discarded after passing through the column switching valve 
MV, Model MV-8010 (Tosoh, Tokyo, Japan) and precolumn I (TSK 
precolumn BSA-ODs; 35 mm x 4.6 mm I.D., 10 pm, Tosoh). 
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TSK precolumn BSA-ODS 

TSK gel ODs-80Tm 

Drain 

b Autosampler 

A Valve(SV) 

L 

I 

Water bath at 56% 

Detector 

Ex 392nrn 

Em 500nm 

Drain 

1M NaOH 0.6% ninhydorin 

Eluent 1 Eluent 3 

Figure 1. Flow diagram of the automated guanethidine analyzer based on a liquid 
chromatograph with column-switching and post-column reaction systems. 

Eluent 2 flowed through the switching valve to the analytical column I1 
(TSKgel ODs-80TM; 150 mm x 4.6 mm I.D., 5 pm, Tosoh) and a 
spectrofluorometric detector, Model FS-80 10 (Tosoh), then to waste in that 
order. The flow rate of eluents 1 and 2 were 1.0 mL/min regulated with two 
Model CCPM (Tosoh) pumps. 

Aliquots of serum samples, each 200 pL, were directly injected into 
column I using an autosampler, Model AS-8000 (Tosoh), where they were 
trapped and rinsed with eluent 1. Guanethidine sulfate was separated from the 
interfering substances and proteins in serum on pre-column I. Two minutes 
after injection, samples were transferred from pre-column I to column I1 with 
eluent 2 by turning valve M V .  Valve M V  was then returned to the original 
position after 5 min. At 15 min after sample injection, precolumn I was rinsed 
with eluent 3 at a flow-rate of 1.0 ml/min. For 15-22 min, eluent 3 in 
pre-column I was replaced with eluent 1, returning to the initial conditions, by 
switching valve SV (Model SV-8010, Tosoh). 
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On the other hand, eluent 2 passed through MV and column I1 during 
analysis, and passed from precolumn I to column I1 over a period of 2-5 min 
via MV. Guanethidine sulfate was separated on column 11. 

Postcolumn derivatization was accomplished as follows: Aqueous 
ninhydrin solution (6 g/L) and 1 M sodium hydroxide were delivered from two 
reagent pumps (Model 885-PU, Japan Spectroscopic, Tokyo, Japan), at 
flow-rates of 0.3 mL/min. The effluent from column I1 was first mixed with 1 
M sodium hydroxide, then mixed with aqueous ninhidrin solution (6 a). The 
mixture was heated in a reaction coil (TeflonTM tube, 10 m x 0.5 mm I.D.), 
placed in a water-bath at 56OC, and the reaction products were monitored at Ex 
392 nm and Em 500 nm with a spectrofluorometric detector. 

Animal Experiments 

Male wistar rats, weighing 250-280 g, were fasted for 18h before 
experiments. Guanethidine sulfate in saline was administered to rats 
intramuscularly. Blood samples were taken from the right jugular vein before, 
as well, as 15, 30, 60 and 120 min after administration. The amounts of 
guanethidine sulfate in their sera were analyzed quantitatively. 

RESULTS 

The excitation and fluorescence maxima obtained from the reaction 
products were 392 nm and 500 nm, respectively. Postcolumn derivatization 
was performed by injecting 10 pL of standard solution of guanethidine sulfate 
(5 p a )  using a flow injection method. The effluent was allowed to react with 
reagents containing various concentrations of ninhydrin (1-10 g/L) and sodium 
hydroxide (0.5-1.5 M) at a flow rate of 0.3 mL/min, passing through a heating 
device set at various temperatures (30-70"C), and the fluorescence intensity of 
the reaction products was measured with a spectrofluorometric detector. The 
fluorescence intensities reached plateaus at the ninhydrin and sodium 
hydroxide concentrations of 5 g/L and 0.8 M, respectively. The fluorescence 
increased with increasing reaction temperature and reached a maximum at 
56°C. In the standard procedure, an aqueous solution containing ninhydrin (6 
g/L) and 1 M sodium hydroxide was adopted as the reaction reagent, and the 
reaction temperature was 56OC. 

A pretreatment method, to clean up samples and for separation of 
guanethidine sulfate, was examined using rat serum. A TSK precolumn 
BSA-ODS (bovine serum albumin-coated ODS column; 35 mm x 4.6 mm I.D., 
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particle size 10 pm) and a TSK precolumn SW (hydrophilic silica gel column; 
35 mm x 4.6 mm I.D., particle size 15 pm) were examined as precolumn I for 
sample clean-up. A good separation of guanethidine sulfate from the 
interfering substances and proteins in serum was achieved using the TSK 
precolumn BSA-ODS. Retention of guanethidine sulfate on precolumn I and 
separation from the interfering substances were influenced by the pH of sodium 
phosphate buffer. The final solution for eluent 1 was 50 mM sodium phosphate 
solution, pH3.0. 

Guanethidine sulfate concentrated on precolumn I was eluted with eluent 
2, and the effluent was transferred to column I1 (TSKgel ODS-80TM) for 
further separation. The effects of ion-pair reagents were examined to separate 
the drug from the interfering substances in the effluent on column 11. The best 
separation was achieved in acetonitrile and 50 mM sodium dihydro- 
genphosphate (pH 3.0, adjusted with 50 mM phosphoric acid) 30:70, v/v 
mixture containing sodium l-octanesulfonate (7 a). 

Under these conditions, a chromatogram of human serum was shown in 
Fig. 2. No compounds were found to interfere in the quantitative analysis of 
guanethidine. The calibration curve fcr guanethidine sulfate was linear, in the 
range from 3.1 to 1000 ng/mL in human serum. The peak area was related to 
the amount of guanethidine sulfate in human serum. The relationship was y = 

0.8424~-0.7818 (r = 0.9999). The detection limit of guanethidine sulfate was 
1.0 ng/mL ( S / N  = 3). The reproducibility of this procedure was sufficient, and 
the coefficient of variation for 50 ng/mL guanethidine sulfate in human serum 
was 2.6 % (n=100). The recoveries from human serum were around 99.7 f 
3.9% (n=40). 

The solutions of guanethidme sulfate in saline were administered to rats 
intramuscularly. Figure 3 showed the dose-response profiles of serum 
guanethidme sulfate levels in rats. The changes in guanethidine sulfate in rat 
serum were dose-dependent. 

DISCUSSION 

In the newly developed analytical system for the determination of 
guanethidine sulfate in serum, sample treatment is very simple requiring only 
one centrifugation step. The supernatant is automatically cleaned up with a 
column-switching method, separated, and the guanethidine derivatives undergo 
post-column derivatization and are quantified with a fluorescence detector. 
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(b) 

(4 

0 10 20 
Time (min) 

Figure 2. Chromatogams of guanethidine sulfate spiked to human serum: (a) control 
and (b) spiked. 

0 30 60 90 1 2 0  
Time after administration (min) 

Figure 3. Dosedependency of serum guanethidine sulfate levels following 
intramuscular administration to rats. Intramuscular administration: (m) 2,  (0) 4, (A) 10 
mgkg. Each point is the mean f S.D. of 5 animals. 
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Guanethidine sulfate uniquely targets to the peripheral sympathetic 
nervous system. The adrenergic blocking effects of guanethidine sulfate 
requires presence of the drug in adrenergic neurons; the degree of adrenergic 
blockade is a function of the plasma concentration of guanethidine under 
normal conditions.22 Adrenergic neuronal blockade is generally accomplished 
by plasma concentrations greater than 10 p a .  After a single oral dose of 
4 1 mg g~anethidine-’~C, the maximum blood concentration of uncharged 
guanetidine was 22 pg/L,23 and half-life was diphasic; 1.5 days and from 4.1 to 
7.7 days.24 Guanethidine bioavailability was incomplete and variable among 
individual subjects. Only 3 to 50 % of an oraldose reached the systemic 
c i r c u ~ a t i o n . ~ ~ , ~ ~ , ~ ~  Such variation might be attributable to individual differences 
in enteric absorption, first-pass metabolism, or renal clearance of guanethidine. 

A significant correlation was also observed between the area under the 
plasma level curve during the dose interval and the oral maintenance 
With regard to administration of guanethidine sulfate in patients. those with 
renal failure show orthostatic hypotension because of decreased renal blood 
flow and depression of renal excretion. A stronger antihypertensitive action 
causes a depression of metabolic function in aged patients. Therefore, it is 
desirable to quantify serum concentration of guanethidine sulfate in patients to 
determine appropriate dosage and dosing interval as well as to avoid 
side-effects. 

In conclusion, this method is simple, rapid, and sensitive, and is therefore 
expected to be clinically useful for monitoring the concentration of 
guanethidine sulfate in patients. 
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